Abstract: Aim: Use the National Health Insurance Research Database of Taiwan to determine whether patients with posttraumatic epilepsy (PTE) have an increased risk of mortality. Methods: Patients ≥20 years old ever admitted because of head injury (per International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 850-854 and 959.01) during 2000-2012 were enrolled into a traumatic brain injury (TBI) cohort. The TBI cohort was divided into with PTE (ICD-9-CM code 345) and posttraumatic nonepilepsy (PTN) cohorts. We compared the PTE and PTN cohorts in terms of age, sex, and comorbidities. We calculated adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) of all-cause mortality risk in these cohorts. Results: Patients with PTE had a higher incidence rate (IR) of mortality than did patients with TBI alone (IR per 1000 person-years: 71.8 vs. 27.6), with an aHR 2.31 (95% CI = 1.96-2.73). Patients with PTE aged 20-49, 50-64, and ≥65 years had, respectively, 2.78, 4.14, and 2.48 times the mortality risk of the PTN cohort. Patients with any comorbidity and PTE had 2.71 times the mortality risk as patients in the PTN cohort. Furthermore, patients with PTE had 28.2 increased hospital days and 7.85 times as frequent medical visits per year compared with the PTN cohort. Conclusion: Taiwanese patients with PTE had approximately 2 times the mortality risk and an increased medical burden compared to patients with TBI only. Our findings provide crucial information for clinicians and the government to improve TBI outcomes.
Introduction
Traumatic brain injury (TBI) is common around the world, and it is associated with substantial early and long-term mortality, disabilities, costs, and subsequent development of various neurological deficits [1] [2] [3] . TBI generally reduces victims' life expectancy by 6 years, regardless of age at the time of accident [4] . Moreover, patients surviving the early stage of TBI usually have higher risks of developing disabilities and comorbidities in their later lives, and this affects their life span. Baguley et al. reported that patients experiencing TBI had 5 to 10 times higher risks of dying from respiratory illnesses, other neurologic disorders, mental disorders, or digestive diseases [5] .
Posttraumatic epilepsy (PTE) is a major type of symptomatic epilepsies those happen after various brain insults. It is a common comorbidity after TBI, and TBI is known as a leading cause of adulthood epilepsy [6, 7] . The actual prevalence of PTE has been studied for decades and reported with wide-ranging figures from 1.3% to 53.3% [7] [8] [9] , which might depend on the severity of the initial TBI. Possible latencies from the time of TBI to the development of PTE also vary greatly; this can be hours, days, or as remote as months or years after the initial injury [10, 11] . In a prospective population-based study, a cohort of 792 patients had been followed for up to 14 years, and overall, the patients with various types of epilepsies had a 2.1-fold mortality risk than the general population [12] . Among them, patients with acute symptomatic epilepsy had a 3.0-fold mortality risk and patients with remote symptomatic epilepsy had a 3.7-fold mortality risk. Whether the PTE represents more damage from the brain insult to increase long-term mortality or the PTE itself would further increase the susceptibility of mortality after a TBI has still been unclear.
However, the extent of increase in mortality risk and correlated risk factors for mortality in patients with PTE in Taiwan remain unknown, and the difference in mortality risk between patients with or without PTE should be investigated to elucidate future treatment strategies for TBI and PTE in Taiwan. We used a nationwide, population-based database to analyze and compare the mortality risks and risk factors between Taiwanese patients with PTE and those with TBI but without PTE. Because Taiwan is located in East Asia and Taiwanese people are similar to those of China and Southeast Asia [13] , the findings of this study may aid future development and implementation of effective treatment strategies in other Asian countries.
Methods

Data Source
The National Health Insurance Research Database (NHIRD) contains information regarding nearly all people in Taiwan. Implemented in 1995, the National Health Insurance (NHI) program offers thorough health care, including ambulatory and inpatient care, for nearly 99% of the 23.74 million people in Taiwan [14] . This study employed a retrospective cohort from the Longitudinal Health Insurance Database 2000 (LHID2000), a subset of the NHIRD, that consists of 1,000,000 people randomly selected from all those insured. Diseases were defined using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. The Research Ethics Committee of China Medical University and Hospital in Taiwan approved of the research (CMUH104-REC2-115-CR3).
Patient Selection
The TBI cohort comprised LHID2000 insurants aged ≥20 years with head injury (ICD-9-CM 850-854 and 959.01) admitted during 2000-2012. For these patients, their head injury should not be mild and considered as moderate or severe head injury with TBI. The PTE cohort enrolled patients with diagnosis of epilepsy (ICD-9-CM codes 345) after TBI. The comparison cohort comprised patients without diagnosis of epilepsy after the TBI (posttraumatic nonepilepsy (PTN)). The date of first PTE diagnosis was defined as the index date, and the index date for the PTN group was a random month, day, and year after the head injury. Patients with head injury but without admission, and with diagnosis of epilepsy before the TBI admission, were excluded. We analyzed the distributions of the PTE and PTN cohorts in terms of age, sex, and comorbidities of alcohol-related illness (ICD-9-CM codes 291, 303, 305.00, 305.01, 305.02, 305.03, 571.0, 571.1, 571.3, 790.3, and V11.3), anxiety (ICD-9-CM code 300.00), mental disorders (ICD-9-CM codes 290-319), insomnia (ICD-9-CM codes 307.4 and 780.5), depression (ICD-9-CM codes 296.2, 296.3, 296.82, 300.4, and 311), stroke (ICD-9-CM codes 430-438), chronic obstructive pulmonary disease (COPD) (ICD-9-CM codes 491, 492, and 496), coronary artery disease (CAD) (ICD-9-CM code 410-414), diabetes mellitus (ICD-9-CM code 250), hypertension (ICD-9-CM code 401-405), and hyperlipidemia (ICD-9-CM code 272). We analyzed adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) of all-cause mortality risk in these cohorts using 2 matching methods. One method was frequency matching based on age and sex, and the other was propensity-score matching based on age, sex, and comorbidity. Both methods matched in a 1:1 manner.
Statistical Analysis
We applied the Student t test for mean age and chi-square test for age, sex, and strata of comorbidity. We defined incidence as the number of events divided by person-years and derived the crude HRs and aHRs based on multivariable Cox proportional hazard regression model after adjusting for age, sex, and comorbidities. Through stepwise regression analyses, we analyzed the effects of factors of age, stroke, diabetes, COPD, anxiety, depression, and sex (male vs. female) on average hospital days per year (all-cause admission) between PTE and PTN as well as the effects of age, hyperlipidemia, CAD, insomnia, mental disorders, hypertension, COPD, diabetes, and depression on the frequency of medical visits per year under propensity-score matching between the cohorts. Moreover, we derived the cumulative incidences of mortality in the PTE and PTN cohorts with the Kaplan-Meier method and detected differences through log-rank testing. All analyses were conducted using SAS 9.4 software (SAS Institute, Cary, NC, USA). A p value of <0.05 was considered statistically significant.
Results
Demographics of Study Cohorts
For frequency matching analysis, the sizes of the PTE and PTN cohorts were both 1425 patients. The distributions differed in alcohol-related illness, anxiety, mental disorders, insomnia, depression, COPD, CAD, diabetes, and hypertension (all p < 0.001) ( Table 1 ). For propensity-score matching, the sizes of the PTE and PTN cohorts were both 891 patients, and the distributions of the cohorts were similar in age, sex, and comorbidity (Table 1) . 
Mortality Risk in Patients with PTE
The cumulative incidences of mortality in the PTE and PTN cohorts significantly differed (log-rank test: p < 0.001) ( Figure 1 ). In frequency matching, patients with PTE were 2.53 times as susceptible to mortality as those in the PTN cohort (incidence rate (IR) per 1000 person-years: 71.8 vs. 27.6), with an aHR of 2.31 (95% CI = 1.96-2.73). For propensity-score matching, the PTE cohort had 1.96 times the risk of mortality of the PTN cohort (IR: 61.3 vs. 30.8), with an aHR of 2.28 (95% CI = 1.88-2.75) ( Table 2) .
In frequency matching, the patients with PTE aged 20-49, 50-64, and ≥65 years had, respectively, 2.78, 4.14, and 2.48 times the risk of mortality as the PTN cohort, with aHRs of 1.78, 3.39, and 2.00 (Table 3 
The cumulative incidences of mortality in the PTE and PTN cohorts significantly differed (logrank test: p < 0.001) (Figure 1 ). In frequency matching, patients with PTE were 2.53 times as susceptible to mortality as those in the PTN cohort (incidence rate (IR) per 1000 person-years: 71.8 vs.
27.6), with an aHR of 2.31 (95% CI = 1.96-2.73). For propensity-score matching, the PTE cohort had Table 2 ). 
AED Use and Mortality Risk
Antiepileptic drug (AED) would be usually given for PTE prevention and treatment. We further analyzed the association of the number of AED use and the mortality risk of patients. Among the 1425 patients with PTE, 42 (2.95%) did not use AED, 219 (15.37%) had 1 AED, 515 (36.14%) had 2 AEDs, and 649 (45.54) had >2 AED after their TBIs. Compared to the PTN cohort, the patients with PTE and no use of AED, with 1 AED, 2 AEDs, and >2 AEDs had respectively, 0.83, 2.05, 2.28, and 2.63 times the risk of mortality. When compared to the patients with PTE and no use of AED, the patients who used 1 AED, 2 AEDs, and >2 AEDs had 2.48, 2.89, and 3.30 times the risk of mortality respectively (Table 4) .
Increased Medical Burden in Patients with PTE
Through propensity-score matching, patients with PTE had averaged 28.2 hospital days increased per year than patients in the PTE cohort. The average hospital days per year increased by 0.51 day when age increased by 1 year. Stroke, diabetes, COPD, and depression resulted in, respectively, 12.8, 11.9, 10.2, and 19.1 more average hospital days per year. Anxiety resulted in 13.2 fewer average hospital days per year. We noted that male patients averaged 6.19 more hospital days per year than female patients (Table 5) .
Under propensity-score matching, patients with PTE had 7.85 times as many medical visits per year than did patients in the PTN cohort. The frequency of medical visits per year increased by 0.2 visits when age increased by 1 year. Hyperlipidemia, CAD, insomnia, mental disorders, hypertension, COPD, and diabetes, respectively, led to 5.82, 5.95, 5.68, 4.15, 4.73, 5.17, and 5.38 times the frequency of medical visits (Table 6 ). 
Discussion
Taiwanese patients with TBI and PTE had more than twice the mortality risk of those with TBI and without PTE. Overall, in men with TBI, the ones with and without PTE had mortality rates of 70.6 per 1000 person-years and 28.0 per 1000 person-years, respectively; in women with TBI, the ones with and without PTE had mortality rates of 74.9 per 1000 person-years and 26.6 per 1000 person-years, respectively. The existing comorbidities of alcohol-related illness, anxiety, mental disorders, insomnia, depression, stroke, COPD, CAD, diabetes, hypertension, and hyperlipidemia during the post-TBI follow-up also led to a significant increase in subsequent mortality among patients with PTE. In previous studies, the highest mortality risk has been observed in old-aged patients with epilepsy [15, 16] . As a symptomatic epilepsy, PTE mortality risk in this study was notably higher in patients aged 50-64 years than in those older than 64 years. Our study revealed some notable differences compared to similar studies previously conducted in Western countries where mortality risk in adults with epilepsy was strongly affected by increasing age. Such findings suggest reconsidering the roles of age and post-TBI comorbidities for long-term mortality when the patients develop PTE after TBI. By our results, PTE, alcohol-related illness, anxiety, mental disorders, insomnia, depression, stroke, COPD, CAD, diabetes, hypertension, and hyperlipidemia in post-TBI patients should be early and aggressively treated to increase their life span and reduce medical burden, especially in middle-aged patients with 50-64 years old and PTE. Moreover, we observed that 81.68% of patients with PTE had 2 or more AEDs and associated with a trend of higher mortality risk than the ones had none or 1 AED. The controversial benefit from polytherapy of AED use in patients with PTE was demonstrated by our analysis. The future indication of AED use for PTE should be carefully reconsidered and studied more to improve clinical practice.
Epileptogenesis involves pathological alterations at the molecular and cellular levels. It can increase brain excitability and eventually enable brain tissue to generate spontaneous recurrent seizures after TBI. Because we cannot successfully determine which one will develop epileptogenesis and subsequent PTE in current practice [17, 18] , we seek to understand the incidence and risk factors for PTE and try to reduce the related mortality risk instead of trying to identify epileptogenesis directly. Among the various causes of mortality in patients with epilepsy, deaths directly caused by epileptic seizures, such as sudden unexpected death from epilepsy, status epilepticus, burns, drowning, and cervical fracture after seizure, are uncommon [12, 19] . The leading causes of death in patients with epilepsy are noncerebral neoplasm, cardiovascular, and cerebrovascular disease, accounting for 59% of deaths [19] . Our study was limited by the inability to confirm the cause of each individual's death from the NHIRD. However, we identified PTE, stroke, diabetes, COPD, and depression as the leading factors increasing hospital day in patients after TBI. Moreover, PTE, CAD, diabetes, COPD, and depression are the leading factors of more frequent medical visits in patients after TBI. As we know, irritability, agitation, psychosis, and suicidal thoughts are all potential risk factors of mortality in patients with TBI and those with PTE. The relationships of hospital days, frequency of medical visits, PTE, and mortality suggest that some existing comorbid disorders interact with PTE to increase the subsequent mortality and medical burden in these patients. Due to the fact that we already controlled the psychobehavior comorbidities, such as alcohol-related illness, anxiety, mental disorders, insomnia, and depression in the analysis, we suggest that PTE could be considered as an independent predisposing factor for post-TBI mortality and poor outcome in Taiwan, irrespective of comorbidities. Additional studies in different countries are required to confirm whether this result is applicable elsewhere.
In this study, we analyzed inpatient cases with both first-time TBI and possible repeated TBI events to estimate the correlation of PTE and subsequent all-cause mortality risk. The large study population, being fairly unselected and only excluding the mild head injury cases treated at outpatient service, provided the main strength of this study. Patients with PTE would be much less likely to return to ordinary lives than those do not develop PTE after TBIs. A recent study depicted that various accidents and cerebrovascular diseases were more common in patients with PTE, whereas post-TBI dementia, suicide, and violent behavior were more common in patients with PTN. Alcohol-related diseases, accidents, suicide, and violence behavior were more prevalent specifically in young patients with PTE [20] . All these would be the potential causes of long-term mortality in those with PTE. Moreover, we intentionally excluded the deaths during TBI-related admission because severe TBI itself might directly lead to death and that would be not related to PTE. All the analyses were based on death after discharge from TBI-related admission, and all deaths were reported and analyzed using inpatient data for high validity in this study. The NHI universal health care system guarantees the residents of Taiwan equal access to medical service throughout the country with few disparities in access to inpatient services and outcomes between different hospitals and areas in Taiwan [21, 22] . The proportion of patients with TBI or PTE dying outside hospitals is low under the conditions of our study, with a rare possibility of underestimation bias in the results.
However, this study had other limitations. First, we could not directly contact the patients because their identities were anonymized in the NHIRD. Therefore, the study design did not include details regarding the severity and actual type of their TBIs by ICD code, whether a patient received any neurosurgical intervention regarding to the TBI at first admission, or severity of their PTE, or how PTE was treated individually. Some AED might be given as PTE prevention in the patients actually without PTE. All of these might affect the individual outcome and as confounding factors in this study. Second, although the NHI program performs thorough quarterly reviews to ensure that the files are accurate and false claims are heavily penalized, rare occurrences of miscoding may have nevertheless occurred in the NHIRD. Finally, although our study design included adequate controls for numerous confounding factors, unmeasured or unknown confounders, such as family or social support for PTE and PTN patients, can mediate mortality and morbidity to generate bias. However, after considering the aforementioned limitations, our results indicated that the sample size was sufficient to statistically demonstrate the increased subsequent mortality risk in patients with PTE.
Conclusions
Taiwanese patients with TBI and PTE had approximately twice the mortality risk as those with TBI without PTE, and the highest risk was noted in patients aged 50-64 years. Our findings provide vital information for clinicians and the government to improve the survival and alleviate the medical burden of patients with TBI in the future. Additional studies in different countries are required to confirm whether this result is globally applicable. 
